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The Regge features of elastic K±N → K±N , and charge exchange K−p → K
0
n and K+n →
K0p reactions are described by using a combined analysis of all these channels at high energies.
Reggeized meson exchanges a0(980) + φ(1020) + f2(1275) + a2(1320) together with Pomeron are
considered for the forward elastic scattering amplitude. The charge exchange reactions are described
by a0(980) + a2(1320) exchanges in the t-channel. Dominance of the isoscalar f2 and Pomeron
exchanges is shown in the elastic process. Both the isovector a0 and a2 exchanges in charge exchange
reactions play the respective roles in the low and high energy region. Differential and total cross
sections are presented to compare with existing data. Polarization of K−p→ K
0
n is reproduced at
kaon energy PLab = 8 GeV/c.
PACS numbers: 11.55.Jy, 13.75.Jz, 13.85.Dz, 14.20.Pt
Meson-baryon scatterings are the most fundamental
reactions to understand strong interaction purely on
hadronic bases. Among these reactions, KN and KN
scatterings are interesting, because they could offer a
testing ground for the formation of exotic baryons in the
K+N reaction [1–4] as well as the kaonic bound state
through the K−N channel coupling [5, 6]. Above the
region, PLab ≥ 3 GeV/c, of course, the t-channel meson
exchange becomes dominant and in the elastic process, in
particular, the Pomeron exchange is expected to yield a
nonresonant diffraction toward high energies up to hun-
dreds of GeV [7].
To date, however, in comparison to an effort to un-
derstand the reaction mechansim at low energies, the de-
scription of such an high energy aspect of KN (KN)
scattering is less challenged, since after the early stage
of the Regge theory with the residue fitted to empiri-
cal data. It has been a convention that the exchanges
of ρ and ω mesons are included to give major contribu-
tions based on the combined fitting procedure to piN and
KN data with their coupling strengths from the SU(3)
symmetry [8–12], However, from their decay modes to
KK which are forbidden kinematically, these lighter vec-
tor mesons are hardly expected to play such a role in
the KN (KN) scattering. Rather, Particle Data Group
(PDG) reports that those of the scalar and tensor mesons
whose masses are larger than the summed mass of two
kaons are the right candidates to consider. Therefore,
with a hope to provide a background contribution reli-
able to a study of the reaction mechanism at low energies,
it is worth renewing the role of the t-channel exchange
that is feasible for KN (KN) scattering.
In our previous work [13] we investigated forward scat-
tering of piN elastic and charge exchange processes in
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the Regge model where the relativistic Born terms for
the t-channel mesons were reggeized with the interaction
Lagrangians and coupling constants sharing with those
widely accepted in other hadron reactions. The diffrac-
tive features of elastic reactions up to hundreds of GeV/c
pion energy were well described by the Pomeron exchange
we constructed from the quark-Pomeron coupling pic-
ture.
In this work we extend the framework of Ref. [13] to
apply for KN (KN) scattering via four elastic channels,
K+p→ K+p , (1)
K−p→ K−p , (2)
K+n→ K+n , (3)
K−n→ K−n , (4)
and two charge exchange processes
K+n→ K0p , (5)
K−p→ K0n , (6)
respectively.
In the kaon elastic scattering process on nucleon target,
K±(k) +N(p)→ K±(q) +N(p′), (7)
the incoming and outgoing kaon momenta are denoted
by k and q, and the initial and final nucleon momenta
by p and p′, respectively. Then, conservation of four-
momentum requires k + p = q + p′, and s = (k + p)2,
t = (q− k)2, and u = (p′− k)2 are invariant Mandelstam
variables corresponding to each channel.
Within the present framework where the on-shell Born
amplitudes are employed to be reggeized, the exchanges
of ρ and ω are discarded in the t-channel because they
are highly off-shell, and, thus, their coupling constants
are very model-dependent. Instead, we consider vector
meson φ(1020) of JPC = 1−− to distinguish between
K+p and K−p processes. Of the parity and C-parity
all even, the scalar mesons f0(980), a0(980) and tensor
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2mesons f2(1270), a2(1320) decaying to KK are included.
For the Pomeron exchange we utilize the amplitude in
Ref. [13] to describe the reaction cross sections in the
energy region PLab = 100 − 200, GeV/c. Therefore, we
write the elastic scattering amplitudes as,
M(K±p) = f0 + a0 ∓ φ+ f2 + a2 + P, (8)
M(K±n) = f0 − a0 ∓ φ+ f2 − a2 + P, (9)
where the difference of cross sections between K+ and
K− projectiles comes from the role of the φ meson of
C-parity odd which is opposite to each other reaction by
the isospin symmetry and C-parity conservation. The
difference between proton and neutron targets is due to
the exchange of isovector mesons a0 and a2.
From the isospin relations between the above ampli-
tudes,
M(K+n→ K0p)
=M(K+p→ K+p)−M(K+n→ K+n), (10)
M(K−p→ K0n)
=M(K−p→ K−p)−M(K−n→ K−n), (11)
the charge exchange amplitudes are given by
M(K+n→ K0p) =M(K−p→ K0n) = 2 (a0 + a2) .(12)
Given the Reggeized amplitudes relevant to scalar,
vector, and tensor meson exchanges in Ref. [13], we now
discuss the determination of coupling constants of the
meson exchange in the t-channel.
• Scalar meson exchange
Scalar mesons are expected to give contributions in the
low energy region. As to scalar meson-nucleon coupling
constants, we appreciate that f0NN and a0NN are still
hypothetical yet. From the qq¯ structure of the scalar me-
son the QCD-inspired model such as QCD sum rules pre-
dicts that gf0NN = 0 and ga0NN = 12, whereas these are
gf0NN = 10.3 and ga0NN = −8.5 in the case of the four
quark state q2q¯2 structure [14]. On the other hand, in
the vector meson photoproduction, γp → φp, the scalar
meson nonet is considered with the mixing angle θs be-
tween the singlet and octet members to write the SUf(3)
relations among a0, f0 and σ mesons as [15]
ga0NN =
F +D
3F −D
1
cos θs
gσNN , (13)
gf0NN = − tan θsgσNN . (14)
Given the mixing angle θs = −3.21◦, and F/D = 0.575±
0.016 we obtain ga0NN = 31.77± 1.66 and gf0NN = 0.82
from gσNN = 14.6 [16]. Therefore, within the uncer-
tainty in the choice of gσNN the coupling constant ga0NN
is in the range 8.5 − 32, regardless its sign. We choose
ga0NN = 15.5 which is better to describe KN (KN)
charge exchange reactions, and gf0NN ≈ 0 which is con-
sistent with QCD sum rule and vector meson photopro-
duction as well.
The reggeized amplitude for the scalar meson (S) ex-
change employs the derivative coupling of the scalar me-
son to KK with the coupling vertex [13],
ΓSKK(q, k) =
gSKK
mK
q · k . (15)
As the full width of scalar meson a0 is in a broader range
Γ(a0) = 50−100MeV, and no precise measurement of the
partial decay width Γ(a0 → KK) is available yet, we have
to estimate the partial width from PDG; Γ(a0 → KK) =
6.4 − 12.8 MeV from the ratio Γ(a0 → KK)/Γ(a0 →
ηpi) = 0.183 ± 0.024 with Γ(a0 → ηpi) = 35 − 70 MeV,
which is obtained by Γ(a0 → ηpi)Γ(a0 → γγ)/Γ(a0) =
0.21+0.08−0.04 keV and Γ(a0 → γγ) = 0.3±0.1 keV. By isospin
invariance of two decay channels K+K− and K0K
0
we
further consider the factor of 1/2 for the above width to
get Γ(a0 → K+K−) = 3.2− 6.4 MeV. However, because
the scalar meson mass 980 MeV is not enough to decay
to two kaons, the estimate of coupling constant is highly
sensitive to what mass is chosen for the KK threshold.
From the decay width for the derivative coupling SKK
vertex,
Γ(S → K+K−) = g
2
SKK
8pi
k(E2K + k
2)2
m2Sm
2
K
(16)
we determine ga0KK = ±5.33 with the threshold mass
ma0 = 988 MeV and Γ(a0 → K+K−) = 5.06 MeV
taken, though we use ma0 = 980 MeV in the analysis of
the reaction process.
• Vector meson exchange
The decay width φ→ K+K− is given by
Γ(φ→ K+K−) = g
2
φKKk
3
6pim2φ
, (17)
and the decay width Γ(φ → K+K−) = 2.1 MeV taken
from PDG yields gφKK = ±4.46. In φ vector meson
photoproduction [15, 17] that tensor coupling constant
gtφNN ≈ 0 could obtain a consensus. However, the
vector coupling constant gvφNN is given in the range
−2.3 ∼ −4.3, and even the case of −0.24 is discussed by
the OZI rule. Here, we take gvφNN = −3.4 and gtφNN = 0
for the φNN coupling vertex. We note that whatever
values it could take among those suggested in literature,
its contribution should be insignificant in comparison
to f2 and a2, because of the lower lying trajectory as
shown in Table I.
• Tensor meson exchange
The exchange of tensor meson includes isoscalar f2 me-
son with the decay width Γ(f2 → KK) = 4.29 MeV
which is estimated from the full width 186.7 MeV with
the fraction 4.6%. In the isovector channel the a2 meson
is considered with the decay width Γ(a2 → KK) = 2.69
MeV from the full width 109.8 MeV and the fraction
4.9%. The factor of 1/2 is taken into account in both
3TABLE I. Physical constants and Regge trajectories with the
corresponding phase factors for K±N → K±N . The symbol
ϕ stands for a0, φ, f2 and a2. The meson-baryon coupling
constants for vector meson and tensor meson are denoted by
gvV NN (g
t
TNN ), and g
(1)
TNN (g
(2)
TNN ), respectively.
Meson Trajectory(αϕ) Phase factor gϕKK gϕNN
a0 0.7(t−m
2
a0
) (1 + e−ipiαa0 )/2 5.33 15.5
φ 0.9t + 0.1 (−1 + e−ipiαφ)/2 4.46 −3.4 (0)
f2 0.9t + 0.53 (1 + e
−ipiαf2 )/2 3.53 6.45 (0)
a2 0.9t + 0.44 (1 + e
−ipiαa2 )/2 −2.1 1.4 (0)
decay widths by the same reason as in the case of scalar
meson.
By using the decay width for the tensor meson (T )
coupling to KK,
Γ(T → K+K−) = 4g
2
TKK
15pi
k5
m4T
, (18)
we estimate the coupling constants as gf2KK = ±3.53
and ga2KK = ±2.45 from the respective decay widths
given above. In the calculation we use ga2KK = −2.1 for
a better agreement with data.
To keep consistency with the coupling constants of
f2NN in the piN scattering [13] we resume g
(1)
f2NN
= 6.45
and g
(2)
f2NN
= 0, the latter of which is rather stringent in
order to agree with piN polarization observables. The
determination of a2NN coupling is discussed in photo-
production of charged kaon [18], where the SU(3)f sym-
metry dictates g
(1)
a2NN
= 1.4 and g
(2)
a2NN
= 0 to agree with
experimental data. We keep these values in the present
calculation.
A canonical form of the trajectory αϕ(t) =
α′ϕ(t − m2ϕ) + J is considered for the ϕ Regge-pole
of spin-J . The slopes of f2 and a2 are taken to be the
same with those of exchange degenerate pair ω and ρ,
respectively [13]. Nevertheless, the phases of f2 and a2
Regge poles are taken to be exchange nondegenerate
for the elastic process, because of the absence of ω
and ρ from the present calculation. The slope of a0
trajectory is assumed to be the same with that of
scalar meson σ [13] as a member of the scalar meson
nonet. The trajectory of φ is taken from Ref. [19].
A summary of physical constants is listed in Table I
including the coupling constants and trajectories with
the corresponding phase factors.
• Pomeron exchange
In Ref. [13] for pi±p elastic scatterings we constructed
the Pomeron exchange arising from the quark-Pomeron
coupling picture.
With the Pomeron trajectory,
αP = 0.12 t+ 1.06 , (19)
and the quark-pion coupling strength fpiqq from the
Goldberg-Treiman relation at the quark level, the cross
sections for pi±N elastic scattering up to PLab = 250
GeV/c were reproduced by a single exchange of Pomeron.
It is straightforward to apply the formulation of the
Pomeron in Ref. [13] to K±p elastic scattering1 with
minor changes, e.g., the quark-kaon coupling constant
fKqq, the quark-Pomeron coupling strength βs with the
strange quark mass mq, instead of those for pion and d
quark.
In numerical calculations we take βu = 2.07 and
βs = 1.6 GeV
−1, as before [16], and mq = 500 MeV
in favor of the strange quark involved. Let us now de-
termine the coupling strength fKqq. Unlike the case of
fpiqq, however, the Goldberg-Treiman relation from the
SU(3) symmetry is not likely to give the reliable answer
by the large symmetry breaking. From the phenomeno-
logical point of view the ratio of elastic cross sections for
K+p and pi+p at high energies could be a hint to a de-
termination of fKqq [20]. At PLab = 250 GeV/c where
there exists only the Pomeron exchange and all others
are assumed to be minimal, the ratio of cross sections
from world data gives
σel(K
+p)
σel(pi+p)
≈ 0.836, (20)
and, hence,
|Mel(K+p)|
|Mel(pi+p)| ≈
f2Kqqm
2
Kβs
f2piqqm
2
piβd
≈
√
0.836, (21)
which yields fKqq = 0.82 by taking fpiqq = 2.65 [13].
This means that, in order to obtain a better agreement
with the high energy K±p data, we may well treat the
quark-meson coupling constant fKqq rather as a param-
eter around the value above in the fitting procedure to
cross section data.
A. K±p→ K±p
Figure 1 shows the differential cross sections selected
in the same energy range to compare K+p with K−p
elastic scattering. Since the data at PLab = 100 and
200 GeV/c are governed by a pure Pomeron exchange we
exploit them to determine the quark-Pomeron coupling
strength, and obtain fKqq = 0.988 with the trajectory in
Eq. (19), while the cutoff parameter µ = mK and n = 1
are fixed for the kaon form factor [13],
FK(t,W ) =
(
1− t/Λ2)−n (22)
1 There is the Pomeron coupling to strange quark in the KN reac-
tion in addition to u(d) quark in the quark loop integral [13].
Nevertheless, such a difference between the two couplings by
mass difference is negligible for simplicity, as the quark masses
between strangeness and up(down) quarks are not widely differ-
ent in the constituent quarks we adopted here.
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FIG. 1. Differential cross sections for elastic K+p (left col-
umn) and K−p (right column). Cross sections at PLab = 100
and 200 GeV/c are from pure Pomeron exchange. At PLab =
14.8 and 11.88 GeV/c the dotted curve is from f2 contri-
bution and the blue dashed is from the Pomeron exchange,
respectively. Data at PLab = 50, 100, and 200 GeV/c for
both reactions are taken from Ref. [21]. Data at PLab = 14.8
GeV/c for K+p and 11.88 GeV/c for K−p are from Ref. [22].
and Λ(W ) = k
µ
(W −Wth). In a good agreement with all
the data selected, we regard fKqq = 0.988 to be reason-
able because it is close to 0.82 from the ratio in Eq. (21).
The dominance of the Pomeron exchange followed by the
tensor meson f2 is shown in the lowest panels.
In Fig. 2 we present total cross sections for K+p and
K−p elastic processes where an agreement with data at
high energies is obtained by the exchanges of f2 and
Pomeron. Without a fitting procedure for hadron cou-
pling constants we describe elastic scattering over the
region PLab ≈ 3 GeV/c up to 250 GeV/c. As discussed
above, the distinction between the two reactions disap-
pears at high energies, because of the small contribution
of φ. It is worth observing the similarity between pi±N
[13] and K±N total elastic cross sections where the roles
of σ, ρ and ω in the former reactions are replaced by those
of a0, a2 and φ of the same order of magnitude, respec-
tively. Also, the K±p elastic scatterings are dominated
by the tensor meson f2 at intermediate and the Pomeron
exchange at high energies to exhibit the isoscalar nature
of the reactions.
Below PLab ≈ 3 GeV/c the large discrepancy between
the t-channel Regge predictions and data could presum-
ably be resolved by considering nuclear interaction for
K+p [23], and the KN coupled states for the K−p elas-
tic scatterings, respectively [5].
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FIG. 2. Total elastic cross sections for K+p → K+p and
K−p → K−p. The solid curve for the total cross section
results from the full calculation of K+p → K+p, which
reproduces high energy data above PLab ≈ 3 GeV/c. The
overall dominance of f2 and Pomeron exchanges is shown to
indicate significance of the exchange in the isoscalar channel.
The difference between cross sections of K+p and K−p is
negligible by the order of 10−2 contribution of φ. Data are
taken from PDG.
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FIG. 3. Differential cross sections for K+n → K+n at
PLab = 4.6 GeV/c and K
−n → K−n at PLab = 4.5 GeV/c,
respectively. Notations for the curves are the same as in Fig.
2. Data are taken from Refs. [25] and [27], respectively.
B. K±n→ K±n
Experimental data on neutron target are extracted
from kaon scattering off deuteron, in which case proton is
assumed to be a spectator. Data at high energies are rare
and contain some uncertainties due to the procedures
such as impulse approximation, Glauber screening, and
Fermi motion taken usually in the analysis of deuteron
data. A few data points on the total cross section for
K+n elastic reaction are found at PLab = 2.97 GeV/c [24]
and 4.6 GeV/c [25], respectively. For the K−n reaction
the total cross section data are reported at PLab = 2.2
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FIG. 4. Differential cross sections for K−p → K
0
n and
K+n → K0p. Solid curves for cross sections are calculated
by using the K−p → K
0
n amplitude at PLab = 5.5, 7.1, 9.5,
and 12.3 GeV/c, which shares with the K+n → K0p am-
plitude in common. The respective contributions of a0(980)
and a2(1320) are shown in the upper left panel. Data of
K−p → K
0
n (black circles) are taken from Ref. [28]. Data
of K+n → K0p (green squares) at PLab = 5.5, 10, and 12
GeV/c are taken from Refs. [29][30][31].
GeV/c [26] and 4.5 GeV/c [27], respectively. Therefore,
no data are enough to analyze high energy behavior of
the reactions. Similar to K±p elastic processes, however,
we expect that the difference between K+n and K−n
elastic reactions is negligible due to the mentioned role
of vector meson φ. Thus, the total elastic cross sections
for K±n at high energy are to be the same as those of
K±p with the same role of the isoscalar exchanges f2 and
Pomeron. We present differential cross sections for K+n
at PLab = 4.6 GeV/c and K
−n at 4.5 GeV/c in Fig. 3.
We use the kaon form factor with µ=2.5 GeV and n = 3
in Eq. (22) for K±n elastic reactions. An overall agree-
ment with differential cross sections is predicted, though
the discrepancy with K+n data in the large −t is shown
due to the dominance of f2 exchange with the exchange
nondegenerate phase over the Pomeron contribution in
these intermediate energies, 4.5 and 4.6 GeV/c.
C. K+n→ K0p and K−p→ K
0
n
Charge exchange K+n and K−p are good places to
examine the validity of simple a0 + a2 exchanges. A col-
lection of data on these reactions exhibits the same de-
pendence of both cross sections upon energy and angles
at high energies, as shown in Figs. 4 and 5. The differen-
tial cross sections for both reactions in the same energy
range are presented in Fig. 4. We obtain a fair agree-
ment with data by using the coupling constants and the
exchange nondegenerate phase for a0 chosen in Table I
for the combined analysis. However, in these reactions,
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FIG. 5. Total cross sections for K−p → K
0
n and
K+n → K0p. The contribution of the t-channel exchange
agrees with data at high energies. Data of K+n → K0p are
taken from Refs. [30, 32]. Data of K−p → K
0
n are from
Refs. [25, 28, 33–36].
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FIG. 6. Polarization of K−p → K
0
n at PLab = 8 GeV/c.
Data are taken from Ref. [37].
the complex phase, EXP[−ipiαa2(t)] for the a2 exchange
is favored in order to agree with cross section data rather
than the exchange nondegenerate phase. In Fig. 5 such
an expected behavior from the a2 exchange with the com-
plex phase is clear in the total cross section, where the
cross section over PLab ≈ 4 should be reproduced only by
the a2 exchange. Meanwhile, the a0 exchange is found to
play a leading role in the low energy region. Through-
out the successful description of reaction cross sections
as presented in Figs. 4 and 5, it could be concluded that
the isospin symmetry is valid between all six channels as
stated in Eqs. (10) and (11).
Finally, we discuss polarization of KN (KN) scat-
tering. It is observed via the interference between
the spin-nonflip and spin-flip amplitudes of exchanged
mesons [13]. Within the present framework the pre-
dictions for polarization data at high energies are poor
6in K±p elastic reactions, mainly because of a single
dominance of the Pomeron exchange there. In contrast,
due to the interference between a0 with the exchange
nondegenerate phase and a2 with the complex phase
the polarization of K−p → K0n at PLab = 8 GeV/c2 is
reproduced to some degree in Fig. 6. Inclusion of the
cut is likely to reinforce the degree of the polarization,
as demonstrated in Ref. [13].
We have performed a combined analysis of KN and
KN scatterings with a set of couling constants com-
mon in four elastic and two charge exchange processes in
the Regge realm. The scattering amplitude is obtained
by reggeizing the relativistic Born amplitude for the t-
channel meson exchange with the decay width to KK
nonvanishing. Thus, the exchanges of ρ and ω are ex-
cluded from the present framework, which is the most
distinctive feature from previous calculations. Within
the present approach the isoscalar f2 and Pomeron ex-
changes are found to be dominant in four elastic channels,
while the charge exchange processes exhibit the isovector
nature via the simple a0 and a2 exchanges. The exchange
of the soft Pomeron which is newly constructed on the
basis of the quark-Pomeron coupling picture reproduces
the diffraction feature of elastic cross sections to a good
degree. Nevertheless, in order for the present analysis
to be valid for the threshold region, inclusion of partial
wave contributions is necessary to describe the reaction
mechanisms induced by either the propagation of exotic
channels in K+N reactions, or the meson-baryon cou-
plings in the KN channels. This should be a subject
of future study to make complete our understanding of
KN (KN) scattering based on the t-channel exchange
discussed here as a background contribution. Work on
this direction is ongoing and the results will appear else-
where.
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